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(54) Semiconductor module 

(57) A plurality of semiconductor chips are provided 
on a base substrate. A drain region of the respective 
semiconductor chip is directly connected to the base 
substrate. A source electrode is formed in parallel with 
the arranging direction of the plurality of semiconductor 
chips. A source electrode and a source region of the 
respective semiconductor chip are connected using 
bonding wires. A plurality of source terminals are con- 
nected to the source electrode. A plurality of drain termi- 
nals are connected to the base substrate. The source 
terminal and drain terminal are located close to one 
another. 
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Description 

Background of the Invention 
Field of the Invention 

[0001 ] The present invention relates to a semiconduc- 
tor module, and in particular it relates to a non-insulated 
power semiconductor module. 

Description of the Related Art 

[0002] Lately, semiconductor modules are being 
widely used not onjy to process control signals, but also 
to control large electric currents. For example, a power 
semiconductor module with a large current capacity is 
used in a control device for driving the motor for running 
an electromotive vehicle, such as a battery-powered 
forklift, etc., as a switching device installed between a 
battery and the motor. 

[0003] For such semiconductor modules, semicon- 
ductor modules with a variety of structures, such as. a 
semiconductor in which the current capacity is enlarged 
by connecting power semiconductor chips of the same 
kind in parallel, a semiconductor module which is con- 
stituted as a simple circuit with several kinds of semi- 
conductor chips, a semiconductor module which has an 
embedded driving circuit conposed of semiconductor 
chips, etc.. are known. 

[0004] A semiconductor module, in particular a power 
semiconductor module, is usually formed by building 
one of the semiconductor chips described above in a 
resin package. A packages is usually made of plastics, 
and the semiconductor chip is insulated using ceramics, 
etc. The space inside the package is filled up with gel. 
epoxy resin, etc. 

[0005] A power semiconductor module generates a 
large amount of heat, since a large current flows 
through the module. Therefore, measures must be 
taken to radiate the heat. A method for installing a sem- 
iconductor module on a base substrate which has txDth 
a large heat capacity and a high heat radiation effect is 
often used to radiate the heat of semiconductor mod- 
ules. In this case, the heat generated by a semiconduc- 
tor module is radiated through the base substrate. 
[0006] Fig. 1 A shows the internal structure of a con- 
ventional semiconductor module. A MOSFET is used as 
an example here. 

[0007] A semiconductor module 1 00 includes a plural- 
ity of semiconductor chips 101 which are connected to 
each other in parallel (three semiconductor modules 
101a. 101b and 101c in Fig. 1A). A plurality of semicon- 
ductor chips 101 are arranged in a straight line with the 
respective drain region connected to the conductive 
base substrate 102. Semiconductors with such a struc- 
ture are often termed "non-insulated". 
[0008] A source electrode 103 and a gate electrode 
104 are formed in parallel with the arranging direction of 



the plurality of semiconductor chips 101. The source 
electrode 103 and gate electrode 104 are connected to 
a source region and a gate region, respectively, of each 
semiconductor chip 101 using bonding wires 105. The 
5 source electrode 103 and gate electrode 104 are elec- 
trically insulated from the base substrate 102 using an 
insulation sheet 106. 

[0009] A drain terminal 107. a source terminal 108 
and a gate terminal 109 are connected to the base sub- 
10 strate 102, source electrode 103 and gate electrode 
104. respectively. The drain terminal 107 and source 
terminal 1 08 are an input point and an output point of 
the main current of this semiconductor module, respec- 
tively 

75 [0010] Each of the semiconductor chips 101 are 
turned on, when a control voltage is applied between 
the gate and source. In this case, the main current 
which is supplied through the drain terminal 103 
reaches the source terminal 108 through the base sub- 

20 strata 102. each of the semiconductor chips 101. bond- 
ing wires 105 and source electrode 103 in this order. 
Here, the base substrate 102 functions as a drain elec- 
trode. 

[0011] However, as shown in Fig. 1A, in a conven- 
es tional semiconductor module 100. only one drain termi- 
nal 107 and only one source terminal 108 are usually 
provided in either erxj of the module. For this reason, as 
shown in Fig. IB. the lengths of the path through which 
the main current flows are different depending on the 
30 position of the respective semiconductor chip 101. In 
the example shown in Fig. IB, a path Ic through the 
semiconductor chip 101c is substantially longer than a 
path la through the semiconductor chip 101a. Here, 
inductance in a current path is nearly proportional to the 
35 length of the path. Thus, in this example, the inductance 
of the path Ic becomes larger than the inductance of the 
path la. 

[001 2] The influence of this inductance occurs at the 
time the semiconductor chip 101 is switched (especially, 

40 at the time the MOSFET is turned off). Specifically the 
larger the inductance, the larger the surge voltage that 
is generated at the time the semiconductor chip 101 is 
turned off. Sometimes the semiconductor chip 101 is 
damaged since this surge voltage is applied to the sem- 

45 iconductor chip 102. 

[001 3] In a case that the length of a current path is dif- 
ferent in each semiconductor chip, all the semiconduc- 
tor chips do not operate in the same way even if the 
characteristics of all the semiconductor chips are the 

50 same. As a result, some of the particular semiconductor 
chips are easily damaged. 

Summary of the Invention 

55 [0014] An object of the present invention is to sup- 
press the surge voltage of a semiconductor module 
including a plurality of semiconductor elements. 
[0015] In a semiconductor module of the present 
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invention, a plurality of semiconductor chips are 
arranged in a straight tine on a conductive substrate 
which functions as an electrode for inputting the main 
current. This semiconductor module comprises a termi- 
nal for inputting the main current, which is connected to 5 
the conductive substrate and is formed in parallel with 
the arranging direction of the plurality of semiconductor 
chips, and a terminal which is connected to the respec- 
tive region for outputting the main current of the plurality 
of semiconductor chips and is formed in parallel with the w 
arranging direction of the plurality of semiconductor 
chips. The end portion of at least one of the terminal for 
inputting the main current and terminal for outputting the 
main current is divided in parallel in the flowing direction 
of the main current. 75 
[0016] If the terminal for inputting the main current is 
divided into two or more parts, the main current sup- 
plied to the respective semiconductor chip is to be input- 
ted through the nearest divided part. If the terminal for 
outputting the main current is divided into two or more 20 
parts, the main current which flows through the respec- 
tive semiconductor chip is to be outputted to the nearest 
divided part. In addition, the terminal for inputting the 
main current and terminal for outputting the main cur- 
rent are formed in parallel with the arranging direction of 25 
the plurality of semiconductor chips, respectively. 
Therefore, the main current of the respective semicon- 
ductor chip flows through the shortest path, and the 
lengths of all the paths are almost the same each other. 
As a result, the wiring inductances of all the semicon- 30 
ductor chips become uniform and small, and thus the 
surge voltages which are applied to the semiconductor 
chips also become uniform and small. 

Brief Description of the Drawings 3S 

[0017] 

Fig. 1A shows the internal structure of a conven- 
tional semiconductor module, 40 
Fig. 1 B explains the path of the main current in the 
semiconductor module shown in Fig. 1 A. 
Figs. 2A and 2B show the internal structure of a 
semiconductor module, which is one preferred 
embodiment of the present invention. Fig. 2 A is the 45 
oblique section view, and Fig. 28 is the top view. 
Figs. 3A and 38 explain the path of the main current 
in this preferred embodiment. 
Fig. 4 shows the internal structure of a semiconduc- 
tor module of another preferred embodiment of the so 
present invention. 

Description of the Preferred Embodiments 

[0018] Figs. 2 A and 2B show the internal structure of ss 
a semiconductor module, which is one preferred 
emtjodiment 0I the present invention. Fig. 2A is the 
oblique section view, and Fig. 2 6 is the top view. 



[0019] The reference numbers In Fig. 2 are the same 
as those in Fig. 1A Indicate the same components. 
Namely, a plurality of semiconductor chips 101 (101a 
through 101c). base substrate 102. gate electrode 104. 
bonding wire 105, insulation sheet 106 and gate termi- 
nal 109 are basically the same as the components used 
for the conventional semiconductor module shown in 
Fig. 1A. 

[0020] The semiconductor module In this preferred 
embodiment is characterized mainly in the structure and 
an-angement of a source electrode, source termina) and 
drain terminal. 

[0021] A source electrode 1 is formed in parallel with 
the arranging direction of the plurality of semiconductor 
chips 101 . and is connected to the source region of the 
respective semiconductor chip 101 using bonding wires 
105. The source electrode 1 is electrically insulated 
from the base substrate 102 using the insulation sheet 
106. 

[0022] Source terminals 2a. 2b and 2c are directly 
connected to the source electrode 1 . A hole formed in 
each of the source terminals 2a through 2c is used for 
connection to an external circuit (including a power sup- 
ply circuit), etc. Specifically, each of the source termi- 
nals 2a through 2c is the output point of the main current 
in the semiconductor module. The widths of all the 
source terminals 2a through 2c (lengths in the arranging 
direction of the plurality of semiconductor chips 101) are 
the same, and are formed in such a way that the width 
becomes as large as possible. The source electrode 1 
and source terminals 2a through 2c can be formed 
monolithically 

[0023] Drain terminals 3a, 3b and 3c are directly con- 
nected to the base substrate 1 02. A hole formed in each 
of the drain terminals 3a through 3c is used for connec- 
tion to an external circuit (including a power supply cir- 
cuit), etc. Specifically, each of the drain terminals 3a 
through 3c is the input point of the main current in the 
semiconductor module. As with the source terminals 2a 
through 2c, the widths of all the drain terminals 3a 
through 3c are the same, and are formed in such a way 
that the width is as large as possible. 
[0024] In the semiconductor module 100 with the 
above structure, each of the semiconductor chips 101 is 
turned on. if a control voltage is applied between the 
gate and source. In this case, the main current which is 
supplied through the drain terminals 3a, 3b and 3c 
reaches the source terminals 2a, 2b and 2c, through the 
base substrate 102. respective semiconductor chip 101 . 
bonding wires 105 and source electrode 1 in this order. 
[0025] Figs. 3A and SB explain the path of the main 
current in this preferred embodiment. In Fig. 38. a 
"source terminal 2" indicates an arbitrary source termi- 
nal of the source terminals 2a through 2c. and a "drain 
terminal 3" indicates an arbitrary drain terminal of the 
drain terminals 3a through 3c. 

[0026] As shown in Fig. 3A, the semiconductor mod- 
ule In this preferred embodiment comprises a plurality of 
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drain terminals 3a through 3c and a plurality of source 
terminals 2a through 2c. Thus, the semiconductor mod- 
ule in this prefenred embodiment has a plurality of main 
current input points (main current supply points) and a 
plurality of main current output points. 
[0027] In this structure, the main cun-ents of a plurality 
of semiconductor chips 101a through 101c are supplied 
from a plurality of main current input points and are out- 
putted to a plurality of main current output points. Here, 
the main current of the respective semiconductor chip 
101a through 101 c takes the shortest path of a plurality 
of paths from a main current input point to a main cur- 
rent output point. For example, the main current of the 
semiconductor chip 101a is supplied from the drain ter- 
minal 3a and is outputted to the source terminal 2a. The 
main current of the semiconductor chip 101b is supplied 
from the drain terminal 3b and is outputted to the source 
terminal 2b. 

[0028] As a result, the lengths of all the paths of the 
main current of the semiconductor chips 101a through 
101c from the input terminal to the output terminal of the 
semiconductor module become almost the same. Thus, 
the wiring inductances of all the semiconductor chips 
also become almost the same. 

[0029] If the wiring inductances of all the semiconduc- 
tor chips are the same, all the surge voltages generated 
at the switching operation (especially at the time the 
MOSFET is turned off) become almost the same. As a 
result, the problem in which a particular semiconductor 
chip is easily damaged can be avoided. 
[0030] In a conventional semiconductor module, as 
shown in Fig. IB. the paths of some semiconductor 
chips become long, and the inductances of the paths 
become large. However, in the semiconductor of the 
preferred embodiment, as shown in Fig. 3A. all the 
paths of the main current of semiconductor chips 101a 
through 101c have the shortest length. Therefore, the 
inductance of the respective semiconductor chip 
becomes small, and the surge voltage applied to the 
respective semiconductor chip becomes small. As a 
result, the semiconductor module in this preferred 
embodiment can be used in a higher input voltage 
range even if the conventional semiconductor chips are 
used. 

[0031] As shown in Fig. 3B, according to the semicon- 
ductor module in this preferred embodiment, the source 
terminal 2 and drain terminal 3 are closely formed. The 
source terminal 2 and drain terminal 3 are insulated, for 
example, using a case to protect semiconductor chips 
101a through 101 c. In this case, the thickness of the 
case shall be sufficiently thin such that the source termi- 
nal 2 and the drain terminal 3 are close to each other. 
This case is formed of a material which allows magnetic 
flux to pass. 

[0032] The directions of the main current flowing 
through the source terminal 2 and drain terminal 3 are 
opposite to each other. For this reason, in a region A1 . 
a magnetic field generated by the main current flowing 



through the source terminal 2 and a magnetic field gen- 
erated by the main current flowing through the drain ter- 
minal 3 are offset by each other, and thus the 
inductance of this path becomes reasonably small. In 

5 the same way, in a region A2, a magnetic field gener- 
ated by the main current flov\^ing through the source 
electrode 1 and a magnetic field generated by main cur- 
rent flowing through the base substrate 102 are offset 
by each other, and thus the inductance of this path also 

w becomes reasonably small. 

[0033] If the wiring inductance of the respective sem- 
iconductor chip becomes small, the surge voltage gen- 
erated at the switching operation of the semiconductor 
chips (especially at the time the MOSFET is turned off) 

75 becomes small. As a result, the semiconductor module 
in this preferred embodiment can be used in a higher 
input voltage range even if the conventional semicon- 
ductor chips are used. 

[0034] The source electrode 1 and the source termi- 

so nals 2a through 2c can be monolithically formed from a 
piece of a metal plate. In this case, the source terminals 
2a through 2c are formed by bending. The bending is 
easy and a distortion is small because the portions to 
be bent (the source terminals 2a through 2c) are divided 

25 each other. 

[0035] Although in the above preferred embodiment, 
one set of a source terminal and drain terminal are 
formed for each of the semiconductor chips, the present 
invention is not limited to this structure. For example, 

30 one source terminal and one drain terminal can be 
formed for a plurality of semiconductor chips. 
[0036] Although in the above preferred embodiment, 
a source terminal and drain terminal both are divided 
into two or more parts, the present invention is not lim- 

35 ited to this structure. For example, as shown in Fig. 4. a 
structure in which a drain terminal is not divided is 
acceptable. However, in this case too. it is desirable for 
a plurality of main current input points to be formed in 
the drain terminal. In the same way, a structure in which 

40 the source terminal is not divided is acceptable. How- 
ever, in this case too. it is desirakDie for a plurality of main 
current output points to be formed in the source termi- 
nal. 

[0037] In addition, according to the semiconductor 
45 module in this preferred embodiment, a source elec- 
trode can be divided into two or more parts. In this case, 
each divided source electrode is connected to one or 
more source regions of semiconductor chips through 
bonding wires. 

50 [0038] Furthermore, although in the above preferred 
embodiment, a semiconductor is assumed to be a 
MOSFET. the structure of the present invention can be 
selected irrespective of the kind of semiconductor 
device. For example, IGBT. GTO. bipolar transistor, thy- 

55 ristor. etc.. can be used. 

[0039] As described above, according to the present 
invention, since the lengths of the paths of the main cur- 
rent of alt semiconductor devices become uniform and 
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short, the wiring inductance of all the semiconductor 
devices become uniform and smalt, and thus all the 
surge voltages become small. As a result, the upper 
limit of an input voltage which can be applied to a semi- 
conductor module is extended. If the surge voltage 5 
becomes small, a protection circuit, such as a snubber 
circuit, etc.. is not required or the scale of such a protec- 
tion circuit can be reduced. Accordingly, a semiconduc- 
tor module itself can be miniaturized. 
[0040] A plurality of semiconductor chips are provided 10 
on a base substrate. A drain region of the respective 
semiconductor chip is directly connected to the base 
substrate. A source electrode is formed in parallel with 
the arranging direction of the plurality of semicorxiuctor 
chips. A source electrode and a source region of the is 
respective semiconductor chip are connected using 
bonding wires. A plurality of source terminals are con- 
nected to the source electrode. A plurality of drain termi- 
nals are connected to the base substrate. The source 
terminal and drain terminal are located close to one 20 
another. 

Claims 

1. A semiconductor module in which a plurality of 25 
semiconductor chips (101a. 101b. 101c) are 
arranged in a straight line on a conductive substrate 
(102) which functions as an electrode for inputting 
main current, comprising: 

30 

a main current input terminal (3a. 3b. 3c). 
which is connected to the conductive substrate 
and formed in parallel with an arranging direc- 
tion of the plurality of semiconductor chips; and 
a- main current output terminal (2a, 2b, 2c). 3S 
which is connected to each of a plurality of 
main current output regions of the plurality of 
semiconductor chips and formed in parallel 
with the arranging direction of the plurality of 
semiconductor chips, wherein 40 
an end portion of at least one of the main cur- 
rent input terminal and the main current output 
terminal Is divided in parallel in a main current 
direction. 

45 

2. The semiconductor module according to claim 1, 
wherein lengths of said main current input terminal 
and said main current output terminal are the same 
as a overall length of a configuration of the plurality 

of semiconductor chips arranged on the conductive so 
substrate. 

3. The semiconductor module according to claim 1. 
wherein if the end portion of said main current input 
terminal is divided, each divided part Is connected ss 
to a respective external circuit. 

4. The semiconductor module according to claim 1, 



8 

wherein if the end portion of said main current out- 
put terminal is divided, each divided part Is con- 
nected to a respective extemal circuit. 

5. The semiconductor module according to daim 1, 
wherein said main current input terminal and said 
main current output are located close to one 
another. 

6. A semiconductor module including a plurality of 
semiconductor chips (101a. 101b. 101C)» compris- 
ing: 

a first electrode (102) connected to each of 

main current input regions of the plurality of 

semiconductor chips; and 

a second electrode (1) connected to each of 

nnain current output regions of the plurality of 

semiconductor chips, wherein 

at least one of the first and second electrodes 

is connected to an external circuit through a 

plurality of connection points. 

7. The semiconductor module according to claim 6. 
wherein said first electrode is a conductive sub- 
strate on which the plurality of semiconductor chips 
are arranged and said second electrode is formed 
in parallel with an arranging direction of the plurality 
of semiconductor chips. 

8. The semiconductor module according to claim 7. 
further comprising 

a first terminal (1 1 or 3a. 3b. 3c) connected to 
said first electrode, wherein 
said first terminal is formed in parallel with the 
arranging direction of the plurality of semicon- 
ductor chips, with the length of said first termi- 
nal being the same as length of overall 
configuration of the plurality of semiconductor 
chips, and said first electrode is connected to 
the external circuit through said first terminal. 

9. The semiconductor module according to claim 8. 
wherein an end portion of said first terminal Is 
divided into two or more parts, and each divided 
part is connected to the respective external circuit. 

10. The semiconductor module according to claim 7, 
further comprising 

a plurality of first terminals (3a. 3b. 3c) con- 
nected to said first electrode, wherein 
said first electrode is connected to the external 
circuit through the plurality of first terminals. 

11. The semiconductor module according to claim 7. 
wherein the length of said secorKi electrode Is the 
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same as the length of overall configuration of the 
plurality of semiconductor chips, and said second 
electrode is connected to the external circuit 
through a plurality of connection points. 

5 

12. The semiconductor module according to daim 11, 
wherein a plurality of terminals (2a. 2b, 2c) are 
formed in an end portion of said second electrode, 
and each terminal is connected to the re^ective 
external circuit. io 



13. The semiconductor module according to daim 11, 
further comprising 

a plurality of second terminals (2a. 2b. 2c) con- is 
nected to said second electrode, wherein 
said second electrode is connected to the 
external circuit through the plurality of second 
terminals. 

20 
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(54) Semiconductor module 

(57) A plurality of semiconductor chips are provided 
on a base substrate. A drain region of the respective 
senniconductor chip is directly connected to the base 
substrate. A source electrode is formed in parallel with 
the arranging direction of the plurality of semiconductor 
chips. A source electrode and a source region of the 
respective semiconductor chip are connected using 
bonding wires. A plurality of source terminals are con- 
nected to the source electrode. A plurality of drain termi- 
nals are connected to the base substrate. The source 
terminal and drain terminal are located close to one 
another. 
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